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(54) RESIST PATTERN AND ITS FORMING METHOD 
(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent a resist pattern 
from being destroyed having a fine line width and a high 
aspect ratio. 

SOLUTION: Resist patterns R1 adjacent to each other 
constituting respective blocks B of an automatic focus 
measuring pattern MP are connected by a piece of an 
auxiliary pattern A1 orthogonally crossing the resist 
patterns R1 on the central part in the longitudinal 
direction. Since the drawing near of the adjacent 
patterns each other due to the surface tension of a 
developer and a rinse liquid and the destroying of the 
patterns due to the drawing are prevented, proper 
diffracted light intensity is obtained even when the resist 
patterns R1 are scanned by a measuring beam spot BS. 
The auxiliary pattern is effective even in the resist 
pattern for a processing mask of an isolated long wiring 
pattern and even as a destroying preventive measure of 
a fine line part. 
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* NOTICES* # 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the resist pattern characterized by being the resist pattern which consists of the 
developer insoluble section produced by the photochemical reaction, and has the thin line 
section, and said thin line section equipping the longitudinal direction halfway section with at 
least one auxiliary pattern shorter than an intersection and its die length for pattern collapse 
prevention at an angle of predetermined to this longitudinal direction. 

[Claim 2] The resist pattern according to claim 1 which two or more contiguity arrangement of 
said thin line section is carried out, and is characterized by constituting the diffraction-grating 
pattern for alignment precision measurement. 

[Claim 3] The resist pattern according to claim 2 characterized by coming mutually to connect 
two or more thin line sections which constitute said diffraction pattern with said auxiliary 
pattern. 

[Claim 4] The resist pattern according to claim 1 characterized by said thin line section 
constituting the processing mask of a circuit pattern. 

[Claim 5] The formation approach of the resist pattern which is the formation approach of the 
resist pattern which forms a resist pattern through a photolithography and a development, and is 
characterized by forming at least one auxiliary pattern shorter than an intersection and its die 
length for pattern collapse prevention in the longitudinal direction halfway section of the thin line 
section of said resist pattern at an angle of predetermined to this longitudinal direction. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the device and the formation approach on the 
structure where the collapse can be prevented especially, in the micro-processing fields, such as 
semiconductor device manufacture, about the resist pattern which constitutes the processing 
mask of the diffraction-grating pattern for alignment precision measurement of a 
photolithography, or a circuit pattern. 
[0002] 

[Description of the Prior Art] In the micro-processing field represented by semiconductor device 
manufacture, liquid crystal device manufacture, etc., a photolithography is performed using a 
stepper (cutback projection aligner), and various resist patterns are formed by passing through a 
development continuously. It this resist pattern is not only formed as a processing mask of the 
ingredient film of that substrate, but has some which are used as a mark for alignment precision 
measurement of a photolithography, alignment precision measurement — on the other hand — 
law — LSA (laser step alignment) — there is law. This scans the diffraction-grating pattern 
formed on the substrate by the slit-like helium-Ne laser beam, it is the approach of evaluating 
alignment precision based on the diffracted-light reinforcement at this time, and the stepper in 
which the LSA optical system for it was carried is also marketed. 

[0003] Moreover, in a photolithography in recent years, it is also very important to set up the 
optimal focal location (for the Best Focas location to be called hereafter.) on the occasion of 
exposure. This is because the surface level difference of a substrate increases by adoption of 
multilayer-interconnection structure and the thickness of a wrap resist paint film is increasing 
this level difference, although it is in the inclination for the numerical aperture NA of the cutback 
projection optical system of a cutback projection aligner to increase with the cutback of the 
design rule of a semiconductor device, consequently the depth of focus is shallow. That is, since 
it is influenced with big dimensional accuracy and configuration precision of a resist pattern 
which are whether to set up a focus and are formed in which location of a thick resist paint film, 
it is important to expose according to setting out of the Best Focas location also compared with 
the former. 

[0004] The approach (SMP:Self Measurement Program) of carrying out automatic meter reading 
of this Best Focas location using above-mentioned LSA optical system is learned. The 
measurement principle using the focal automatic-meter-reading pattern and this which are used 
by this approach is explained referring to drawing 4 thru/or drawing 6 . This focal automatic- 
meter-reading pattern mp consists of a resist pattern r1 of the five shape of a wedge (wedge) 
allotted to parallel as it consisted of seven blocks b, for example and each block b was shown in 
drayving_4 (b) located in a line in the direction of Y at an example, as shown in drawing 4 (a), in 
addition, it is the pattern on a design which was shown in drawing 4 (b), and a design value is set 
up like minimum width-of-face (tooth space s) =0.35micrometer between the width-of-face (line 
width of face Iw) = resist patterns r1 which adjoin 0.35 micrometers of the thickest part of the 
center of a resist pattern r1 , and die-length (pattern length p) =7micrometer of the longitudinal 
direction of a resist pattern r1 . 
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[0005] On the occasion of the decision of the Best Focas location, as shown in drawing 4 (a), the 
above-mentioned focal automatic-meter-reading pattern mp is scanned in the direction of 
arrow-head q in the slit-like beam spot bs, and it asks for the pattern length p from the 
diffracted-light reinforcement. This pattern length p changes with focal locations. The situation 
of this change is shown in drawing_5 . Each drawing of drawing 5 (a) - drawing; 5 (f) shown here is 
sketch drawing of the scanning electron microscope (SEM) observation image of the resist 
pattern rl formed when changing a focal location in a predetermined pitch, for example, 0.2 
micrometers. As shown in drawing 5 (f), the focal location where the pattern length p serves as 
max is the Best Focas location, and even if the amount of defocusing increases in which 
direction of a plus side and a minus side from this location, the pattern length p decreases in 
number with drawing 5 (e) ->(d) ->(c) -> (b), and if the amount of defocusing passes over 
constant value, it will become impossible resolving it, as shown in drawing 5 (a), in addition, 
although the sign of the defocusing direction is arbitrary, it is defined as a minus-direction which 
keeps away from cutback projection lens side a plus-direction which approaches cutback 
projection lens of stepper here side (the following — the same .). Drawing 5 shows the resist 
pattern r1 when defocusing increases to a minus side. 

[0006] In SMP, the diffracted-light reinforcement obtained in each focal location is changed into 
an electrical signal, it asks for pattern length, an amount of defocusing-pattern length change 
curve as shown in drawing 6 which plotted this pattern length to the amount of defocusing is 
created, and the Best Focas location is computed based on a further predetermined operation 
program. The above-mentioned focal automatic-meter-reading pattern mp is actually formed 
also in the direction of X, it asks for the focal location which gives the maximum pattern length, 
respectively from the change curve obtained about both the patterns of the direction of these X, 
and the direction of Y, and the average value of both [ these ] the focus location is made into 
the Best Focas location. 
[0007] 

[Problem(s) to be Solved by the Invention] By the way, that a design rule contracts while the 
thickness of a resist paint film increases, as mentioned above means that the aspect ratio of the 
resist pattern formed increases. In recent years, in the resist pattern of a less than 1- 
micrometer high aspect ratio, collapse of a pattern poses [ the width of face of the thin line 
section ] a problem especially. For example, collapse of a typical pattern is seen by drawing 5 (c), 
(d), and (e) in the example of the above-mentioned focal automatic-meter-reading pattern. In 
these drawings, the resist pattern r1 looks thick not because the line breadth of this part is fat, 
but because it is observing the side-attachment-wall side of the fallen pattern from the upper 
part. It is because the pure water used at the rinse process after development will become is 
easy to be held to the tooth space between patterns according to capillarity since the high resist 
pattern r1 of an aspect ratio approaches and is arranged as for such collapse taking place and a 
resist pattern r1 will be able to draw near mutually with the surface tension. 
[0008] If such a resist pattern r1 that collapsed is scanned by the laser beam for measurement, 
it will originate in the reflected light from a pattern side-attachment-wall side, diffracted-light 
reinforcement will increase, and the inclination for a actual twist to also be greatly computed for 
pattern length will arise. For example, although a shoulder is seen by the amount of defocusing- 
pattern length change curve in the example shown in drawing 6 shown above at the point whose 
amount of DEOKASU is minus 0.4micrometer, this is the effect of buildup of the diffracted-light 
reinforcement by pattern collapse. 

[0009] Collapse of a resist pattern may be generated also not only in a high density pattern like 
an above-mentioned focal automatic-meter-reading pattern but in an isolated pattern. As an 
example of collapse of an isolated pattern, the resist pattern used as a wiring processing mask is 
shown in drawing 7 . The pad section r21 for this resist pattern r2 to take lower layer wiring or 
the upper wiring, and contact to the ends of the straight-line-like thin line section r22 is formed. 
If the line breadth of this thin line section r22 is set to less than 1 micrometer and an aspect 
ratio sets it two or more, the adhesion of this thin line section r22 and a substrate substrate will 
fall, and it will become easy to produce the collapse section c which is illustrated with the fluid 
pressure added at a development process or a rinse process, or water pressure. There is some 
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wiring of ASIC taken about by die length of 10 micrometers or more especially, and the thin line 
section r22 of the resist pattern r2 corresponding to this lifting-comes to be extremely easy of 
exfoliation and collapse. If the wiring material film by dry etching is processed by using such a 
resist pattern r2 as a mask, the dimension of a circuit pattern and the precision of a 
configuration will fall and an adverse effect will appear in an operating characteristic, and also it 
becomes the cause of causing nearby wiring and a nearby short circuit depending on the case. 
[0010] Thus, the conventional resist pattern tended to produce collapse with detailed-izing and 
thick-film-izing of line breadth, and had become the cause by which this degraded the precision 
and wiring process tolerance of the optical measurement in a photolithography. Then, this 
invention aims at offering the resist pattern which can prevent collapse effectively, and its 
formation approach, also when a high aspect ratio is formed. 
[0011] 

[Means for Solving the Problem] This invention tends to consist of the developer insoluble 
section produced by photochemical reaction, and it is going to attain the above-mentioned 
object by forming the resist pattern which equips the halfway section of the longitudinal direction 
of the thin line section with at least one auxiliary pattern shorter than an intersection and its die 
length for pattern collapse prevention at an angle of predetermined to this longitudinal direction. 
[0012] 

[Embodiment of the Invention] Although the thin line section of the resist pattern of this 
invention may be what kind of thing, the processing mask of the diffraction-grating pattern for 
alignment precision measurement or a circuit pattern is constituted typically. Although especially 
the dimension of the thin line section is not limited, it is especially effective that collapse of a 
pattern sets the thin line section in which it has these dimensions about the line breadth of less 
than 1 micrometer, two or more aspect ratios, and an isolated pattern since it is easy to produce 
it when die length is 10 micrometers or more as the object of the collapse preventive measures 
of this invention. As for the predetermined include angle which the above-mentioned auxiliary 
pattern makes to the longitudinal direction of the above-mentioned thin line section, considering 
as 90 degrees is ideal, and it can acquire the greatest collapse prevention effectiveness with the 
shortest auxiliary pattern length at this time. However, two or more auxiliary patterns which may 
be include angles other than a rectangular cross, and cross the thin line section at a different 
include angle depending on the layout of the pattern on a substrate may be arranged. 
[0013] The configuration of an auxiliary pattern, magnitude, and especially the number of 
arrangement are not limited, and change with the surface tension of the aspect ratio of the thin 
line section, the substrate adhesion of a photoresist ingredient, a pattern consistency, a 
developer, or a rinse. What is necessary is to vacate spacing of several micrometers or more and 
just to form an auxiliary pattern 1 to 5 times the die length of the line breadth of the thin line 
section as a near rule of thumb. However, consideration which does not spoil the object of resist 
pattern original or the engine performance of the circuit pattern processed considering a resist 
pattern as a mask is required. 

[0014] For example, when forming the above-mentioned auxiliary pattern in the diffraction- 
grating pattern for alignment precision measurement, it is important to arrange a necessary 
minimum auxiliary pattern with as high symmetric property as possible so that it may not have an 
adverse effect on diffracted-light intensity distribution. Moreover, since each thin line section 
which constitutes a diffraction-grating pattern is mutually close, it becomes extremely excellent 
collapse preventive measures to connect these by the auxiliary pattern. On the other hand, when 
forming a resist pattern as a processing mask of a circuit pattern, it will be added to the circuit 
pattern after the part corresponding to an auxiliary pattern processing it. Depending on the 
layout of an auxiliary pattern, lowering of the wiring resistance by the increment in the cross 
section of a circuit pattern is expectable, and the propagation delay accompanying buildup of the 
capacity between wiring is also expected by reverse. Therefore, as for formation of an auxiliary 
pattern, considering as necessary minimum too is desirable. 

[001 5] Although the resist pattern of above this inventions is formed through a usual 
photolithography and a usual development, a conventionally different point from a process is that 
an auxiliary pattern is added to the pattern on reticle. However, compared with a process, a 
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routing counter does not increase at all conventionally. In addition, all processings of the 
alignment precision measurement using the resist pattern of this invention, focal automatic 
meter reading or dry etching, etc., etc. can also be performed as usual. 
[0016] 

[Example] Hereafter, the concrete example of this invention is explained. 
[0017] an example 1 — here, focal automatic meter reading using this is explained to be the 
focal automatic-meter-reading pattern with which the center section of each resist pattern by 
which contiguity arrangement is carried out was connected by one auxiliary pattern, referring to 
drawing 1 and drawing 2 . This focal automatic-meter-reading pattern MP consists of seven 
blocks B located in a line in the direction of Y at an example as shown in drawing 1 (a), and each 
block B consists of five wedge-shaped resist patterns R1 arranged on parallel, as shown in 
drawing 1 (b). Furthermore, each of the above-mentioned resist pattern R1 is connected by one 
auxiliary pattern A1 which intersects perpendicularly in the center section. In addition, it is the 
pattern on a design which was shown in drawing 1 (b), and a design value is W= 0.35 micrometers 
in S= 0.35 micrometers of tooth spaces between the line width-of-face LW= resist patterns R1 
which adjoin 0.35 micrometers of a resist pattern R1, P= 7 micrometers of pattern length of a 
resist pattern R1, and line breadth of the auxiliary pattern A1. 

[0018] The formation process of the above-mentioned focal automatic-meter-reading pattern 
MP is as follows as an example. First, the cresol resin system positive type photoresist 
ingredient after performing hydrophobing processing which used 200-degree C dehydration bake 
and HMDS (hexamethyldisilazane) for the raise in basic wages Si wafer of the diameter of 6 inch 
(TOKYO OHKA KOGYO CO., LTD. make; trade name THMRHP3300 was applied to the thickness 
of 1.20 micrometers.) After performing 90 degrees C and prebaking for 120 seconds, i line 
exposure between 450 mses was performed using i line stepper (NIKON CORP. make; trade 
name NSR-2205M 1D). pass 110 degrees C and PEB for 60 seconds (after [ exposure ] BEKU) — 
23 degrees C and paddle development for 60 seconds were performed using the commercial 
alkali developer (2.38% tetramethylammonium hydroxide solution), and the rinse was further 
performed using pure water. 

[0019] The condition of the pattern formed was observed in the above-mentioned i line 
exposure, changing the amount of defocusing in 0.2-micrometer pitch from +1.4 micrometers to 
-1.4 micrometers. Sketch drawing of the SEM observation image of the pattern in - with an 
amount [ of defocusing ] of -1 .0 micrometers 0.8 micrometers - 0.6 micrometers - 0.4 
micrometers - 0.2 micrometers and **0micrometer is shown in drawin g 2 (a) - drawing 2 (f) as a 
part of this observation result Unlike the conventional focal automatic-meter-reading pattern, 
by this invention, collapse of the resist pattern R1 at the time of defocusing was not seen. The 
Best Focas location in this example of an experiment was +0.1 micrometers. 
[0020] In focal automatic meter reading, as shown in drawing 1 (a), the above-mentioned focal 
automatic-meter-reading pattern MP was scanned in the direction of arrow-head Q in the slit- 
like beam spot BS, and it asked for the pattern length P from the diffracted-light reinforcement. 
Since irregular buildup of the diffracted-light reinforcement resulting from pattern collapse like 
before was not seen at this time, accuracy was able to be asked for the pattern length P in each 
amount of defocusing set up in the predetermined pitch. Thus, when asked for the Best Focas 
location from the change curve which plotted the pattern length P which asked to the amount of 
defocusing, it was well in agreement with the Best Focas location for which it asked from the 
SEM observation image. In addition, even if it uses the above-mentioned focal automatic-meter- 
reading pattern MP not only for the above focal automatic meter reading but for the usual 
alignment precision measurement, it is natural. [ of a suitable thing ] 

[0021] an example 2 — here, the example which prepared the auxiliary pattern in the thin line 
section of the resist pattern used as a wiring processing mask is explained, referring to drawing 
3 . Drawing 3 (a) shows the resist pattern R2 which arranged the auxiliary pattern A2 which 
intersects perpendicularly with this thin line section R22 on bilateral symmetry to this thin line 
section R22 in the longitudinal direction center section of the thin line section R22 which 
connects the pad section R21 of ends. Drawing 3 (b) shows the resist pattern R3 which allotted 
auxiliary pattern A3 which intersects perpendicularly with the longitudinal direction center 
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section of the thin line section R32 which connects the pad section R31 of ends with this thin 
line section R32 only to one side of this thin line section R32. Furthermore, drawing 3 (c) shows 
the resist pattern R4 which allotted auxiliary pattern A4 which intersects perpendicularly with 
this thin line section R42 to right-and-left asymmetry to this thin line section R42 in 3 division- 
into-equal-parts location of the longitudinal direction of the thin line section R42 which connects 
the pad section R41 of ends. 

[0022] The above-mentioned thin line sections R22, R32, and R42 are all 10 micrometers in the 
line breadth of 0.35 micrometers, an aspect ratio 2, and die length as an example, and made each 
of above-mentioned auxiliary patterns A2, A3, and A4 as an example 0.5 micrometers of wire 
extensions from the line breadth of 0.35 micrometers, and the thin line sections R22, R32, and 
R42. Neither of the resist patterns, R2, R3, nor R4, collapsed in the process of development or a 
rinse. When dry etching of the wiring material film of a substrate was performed by using these 
resist patterns R2, R3, and R4 as a mask, the circuit pattern could be formed with a sufficient 
precision and the yield of a semiconductor device was able to be raised substantially. 
[0023] As mentioned above, although two concrete examples of this invention were given, this 
invention is not limited to these examples at all, and modification, selection, and combination are 
possible for it suitably about details, such as a configuration of a resist pattern, a dimension, and 
process conditions. 
[0024] 

[Effect of the Invention] According to this invention, the collapse of a detailed resist pattern 
which has a high aspect ratio can be prevented, and, thereby, the alignment precision 
measurement using this resist pattern, automatic meter reading of a focal location, or the 
process tolerance of the furring film can be improved more remarkably than before so that 
clearly also from the above explanation. Although this invention applies and is suitable for all 
micro processing, when it applies to the semiconductor device manufacture based on a detailed 
design rule especially, a great contribution can be made in the engine performance of a 
semiconductor device, or improvement in the yield. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the focal automatic-meter-reading pattern which applied this 
invention, and the explanatory view in which (a) shows the top view and measurement principle 
of the whole pattern, and (b) are the amplification top views showing one of the blocks which 
form this pattern. 

[Drawing,?] In the measurement using the focal automatic-meter-reading pattern of drawing 1 , 
it is sketch drawing of the SEM observation image in which change of the configuration of each 
block by fluctuation of a focal location and a dimension is shown. 

[Drawing 3 ] It is the perspective view showing the resist pattern for wiring processing masks 
which applied this invention, and the example on which the central both sides of the thin line 
section and (b) were arranged to central one side, and, as for (a), (c) arranged the auxiliary 
pattern alternately with right and left is expressed, respectively. 

[Praw_ing_4] It is drawing showing the conventional focal automatic-meter-reading pattern, and 
the explanatory view in which (a) shows the top view and measurement principle of the whole 
pattern, and (b) are the amplification top views showing one of the blocks which form this 
pattern. 

[Drawing 51 In the measurement using the focal automatic-meter-reading pattern of drawing 4 , 
it is sketch drawing of the SEM observation image in which change of the configuration of each 
block by fluctuation of a focal location and a dimension is shown. 
[Drawingjj] It is the amount of defocusing-pattern length change curve obtained by 
measurement of the conventional focal automatic-meter-reading pattern of drawing 4 . 
[Drawing 7] In the conventional resist pattern for wiring processing masks, it is the perspective 
view showing the condition that the thin line section collapsed. 
[Description of Notations] 

MP — Focal automatic-meter-reading pattern R1, R2 t R3, R4 — Resist pattern B — Block BS - 
- Beam spot A1, A2, A3, A4 — Auxiliary pattern R21, R31 f R41 — Pad section R22, R32, R42 — 
Thin line section 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DRAWINGS 
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[Drawing 3] 
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[ Draw ing 4] 
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[Drawing 5] 
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[Drawing 6] 
10. o 




[Translation done.] 



http:/ / www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_eije 



